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(U)  SUMMAkV 


'’’fiL'  [uiina'y  objective  OT  this  Advcinced  I'tuduct'oc  Lnj  i  n(;c  t  ■  sm 
piojraiM  Li>  tlie  Aniiiiun  i  1 1  on  Ltui  i  tteeii  lUi  l>i  i  cctot  ate  '  s  Anmiun  1 1 1  on  lii'iincennii 
Lahoraiory  was  to  resolve  production  bottlenecks  in  the  I'anui  octurc 
ot  hlecfiette  ammunition  and  luovide  a  critical  analysis  o1  tlie  1  Obnns  xI'IGOj 
Antipersonnel  (AI^LkS)  I’rojectile  1oi  the  lOLiinin  X'-1494  Ant  i  i^e  rsonnc  1  - 1  r  <icei 
(AI'CI\b-T)  Cartriupe  (inor  to  production.  Tins  study  was  also  ic  deienTiine 
tile  produci  bl  1 1  ty  o1  tiie  various  metal  iwirts  components,  and  lu  re  desinn 
components  wliere  necessary  tor  economic  production  and  10'  ennancirsi  the 
over'all  et'tecti  veness  of  tiie  projectile 

Several  modifications  were  introduced  winch  provided  cost  savi'ins 
botii  througii  simplified  [iroductiori  procedures  arid  ut  i  1 1  zaii  on  oi  more 
economic  materials  As  a  result  ot  tins  study,  a  suietdiiti  a '  iispro^ement 
in  the  cost/offecti  veness  ot  tiie  projectile  tias  been  reainaen  ''"he  labor 
maniiours  required  to  produce  a  sinqle  unit  liave  been  reduced  iv  2?  ?.\ 
and  cost  of  tlie  raw  materials  has  been  reduced  by  37  2s  I'n''  stun/ 
further  resulted  in  the  XM494L3  Cartridge  with  a  mote  enecfve  \'A'i3s' 
Projectile  (Figure  1)  by  virtue  ot  an  increase  in  ray  load  oi  500  acidino'iai 
flechettes  or  approximately  lie. 

Among  tiie  most  significant  technical  accompl  i  siiments ,  resultin.]  1  ros 
this  study  is  the  development  ot  an  improved  method  oi  assemblinn 
flechettes  by  use  of  a  weaving  method.  This  iireakthrounfi  enabled  me 
manufacture  of  Beehive  ammunition  on  a  mass  production  basis  tor  t'le 
first  time  Other  services  which  utilized  the  concept  of  weaMiiq 
rlechettes  to  facilitate  loading  were  the  Air  Force  (2  75- Inch  Rocket} 
and  the  Navy  (81miii  MK-120  Mortar)  Tiiis  single  Dreakthrouo'i  resulted  in 
cost  savings  of  $3.8  million  validated  in  FY6b  and  $14  million  follow -on 
savings  in  Fy67  which  is  in  excess  of  18  tunes  the  $990,000  budjeted  ioi‘ 
tiiis  APE  Program 

It  IS  also  significant  that  the  round  developed  uiidei  this  APE  measure 
was  utilized  for  limited  production  (bP)  and  will  also  be  used  for  the 
Engineering  Test/Service  Test  (ET/ST)  Limited  production  reouirements 
were  received  in  FV63  and  (iroduction  or  the  product  improved  round  res ul tit 
from  this  APE  was  accomplished  by  tiis  metal  parts  coiurc.ctots  wnn  ''iimi’-.a! 
production  problems  and  waiver  requests  Projectile  hardware  was  iiKuie 
available  to  the  loading  plant  and  initial  deliveries  to  the  uset  moceeded 
on  schedule  The  benent  of  tiiiu  Af'E  measure  is  iurther  c\idenced  h\'  the 
elimination  of  major  production  probienis  normally  experienced  in  initial 
metal  parts  production. 
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(U)  Ati  analysis  of  the  results  of  tlie  Al'L  program  for  ttie  lOLiiim  XM4941  3 
Al’LRS-T  Cartridge  (Figure  1)  led  to  these  observations: 

The  engineering  efiort  resulted  in  a  substantial  cost  reductiori 
in  direct  labor  and  raw  materials  for  manufacturing  tlie  XM603L1  Projectile. 
An  estimated  cost  saving  of  aigiroximately  per  unit  below  ttie  I’.&D  version 

can  be  realized  based  on  an  annual  production  quantity  of  84,000  rounds 
(Appendix  A). 
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lOPMM  XM4P4I  -■>  AIM  R‘;  CAbTKIlX'!  1  Ob  Vt>0  '-M-Mi'-  1  A\'.. 
(IMAXMICTION  1  Ni'.INl  !  Ri  0  VIR'^I.'.N)  (R) 


Several  basic  innovations  --  such  as  the  development  of  an 
improved  method  of  weaving  flechcttcs  --  greatly  enhanced  the  manufacture  of 
a  family  of  Beehive  rounds. 

In  addition,  a  few  major  design  changes  were  adopted  as  a  result 
of  this  study.  Among  them,  the  use  of  a  serrated  keying  system  to  key  tlie 
flechette  bays  together,  which  utilizes  setback  forces  to  emboss  the  outer 
spacers  in  lieu  of  a  bent  tab  keying  system;  simplified  relay  and  detonator 
housing;  and  the  use  of  forging  and  impact  extrusion  for  manuf act uri nq  the 
rear  and  front  projectile  bodies,  respectively. 
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A  Deb.  c  r  i  (I  t  i  oil  of  MdnufjcLuri’  tot  tho  iiruduet 
(I’L)  I'rojecti  1  es  ,  whieli  vn  1  1  aid  tulute  iiiaiiut  .telut  ei o1 
WQs  made  available  lo  the  'lover  iimeiit 

IL  IS  cunsidered  that  the  must  oiiT'Ortune  1 1  :n 
an  Al'L  o1  tins  type  is  belure  production  t  or  t  uiiate!  y  ,  t 
rep iJ  1  reinen t  tor  this  item,  which  re.ulted  in  LI'  action  pr 
Classification  (1C)  occurred  after  the  AIM  ptonram  and  re 
Al'L  desipn  beinq  utilized  durinp  production 
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Ih  I  s  Af’L  priUjra!”  rc'.  u  1  in.  l  uiii,  n  u  I'a.ii,  i  i.m 

dove  1  opiiicn  t.  ')t  d  T 1  eoho  t  Lo -wea  V 1  no  iiidohine  --  but  a  i  ■  .i  in 
cost  Sdviiuis  and  ina\linizod  (iroduc  l  b  i  I  i  Ly  ut  tfio  lOAiir.  .’Moii'-ii  1  Al 
Rrojoctilo  It  also  virtually  eliininatod  delay  and  lii-na.ii'  •' 
eiKountered  in  production  ot  the  inojectiie  nictal  po'l  duMnn  ’ 
phase 


bend  Its  I  roni  this  Al'L.  i  nves  t  tqa  I '  on  o1  tlie  vadous  custiy 
coiiifir  I  s  1  n-i  the  projectile  and  its  metal  p.u  is  components  o'c  ■ic 
s’nce  the  heavy  items  tliat  make  U|i  tt'c  ‘heM  body  ai.u  ciu/iMary 
cost  the  most  to  jiroduce 

As  a  general  ru'e,  it  is  sungested  that  Aid.  measores  Inj  I'c 
wherever  (lossible,  on  hard-to--make  aiinnuni  tton  i  t(ans  pMtyr  to  I..I' 
•egular  production  to  de-bu<'|  production  pfol.iiems  whic*'  oltcntime 
m  delays,  slipiiagcs,  waiver  requests  and  hi  on  costs 
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(U)  Ifi  its  early  stane  ot  davolopniL'i.i  ,  t'le  ’’■■V*.",  <  m  tr  i  ,>  .t  ’/i  • 

Hie  ( Howl  t.’er -des  i  (jfied  )  XM380  I'rojett '  le  ,  ( f'titd  i  m  om  ai  f-ut  a.  c  t 
yraiti  tlecliettes  toqether  witti  the  1 3u''  Mechameal  f 

standard  IGGiiiin  Tank  Gun  Cartridije  Case  and  thu  stoiOa'-J  n'  iti'T't 
ignition  system.  Tins  cartridije  desi'in  wa  des  i  nnai  ed  f' 

Cartri dge 

(Li)  It  was  oriqinally  proj'osed  to  um;  tl  It;  ).!•* af"'.' f.  1  '  ,1  ’  ,  I  '  ' 

doveloj'od  lor  tiie  lObiiim  fT103  Howitat'r  fur  ttn>  taut  apjlicai  t''  i  ”e 
pr'ojectilc  component  Tor  tlie  lObmiii  XM494  AT|.f';.-l  (.artrid-it  ’s  '  '■ji.o.'i 
would  enable  the  det/eloinrui  atjency  t(i  provide  tiie  ''c''  ’am  .•.it'  e  'm 
munition  in  minimal  time.  However,  tliere  were  dm  1 1  cui  1 1 C'  i : 
tills  round  in  tiie  limited  area  oi  the  tank's  interitir  'i'G  tct- 
MT  Fuze,  graduated  in  one-second  increments  and  set  wU'i  d  tuZt -sett '  f' ■ 
wrench,  could  not  be  efficiently  handled,  lo  overcc'me  tris  iroi'f" 
iiand-settabl e  fuze  would  be  requited.  In  additioii,  the  tue'-a'' 
length  of  43  inciies  required  tliat  tins  ammuintio'i  must  be  'tC'  ‘  ' 
ready  racks  only,  since  tliey  would  not  fit  in  tiie  stoidoo  racn. 

(C)  In  June  1  964,  a  revised  Small  levelopiiient  i-eoui  ro'’‘e 'it  ‘ 
was  prepa*"ed  incorporating  desigti  ciiaractoi  i  sti  cs  tti  corioct  f  t"  i. 
problems  and  tiie  round  was  designated  X’-id94(  J  Cai'tindnin  i'erat  t"H^'- 1  ■* 
tiie  Army  authorization  was  received  for  tiie  development  o"  a  \a!'.V''e 
rariie  fuze  graduated  iii  200-meter  increments  1 1  om  zero  imu.'.'ie  nLOm'" 
to  4,400  meters  and  tiand -settat'l e  Tiie  1uz('  wa'-  desinnateo  t^c 
XM571  MT  Fuze.  The  maximum  overall  length  oi  tiie  cartnidne  was 
reduced  from  43  to  39  3  inciies  to  tacilitate  handlmo  aitd  spord-ie  .mf'’ 

trie  riDU  larl^. 

(C)  Tiie  revised  SUR  enlarged  t'le  nuriiose  ot  t'le  '■■eeh-'xo  i  ant' mo¬ 
tor  the  105mm  M68  Tank  Gun  to  include  use  in  direct  lire  a.,ain'.t 
personnel,  iiel  i  cojiters  and  unarmored  or  lightl\-  armored  gi  oun.i  \enicic- 
Tiie  round  war,  also  to  provide  close-in  dc'tense  against  enei";,  "ar.s  a,-. -..'ll 
attacks  and  iiave  a  capability  ot  eiujaging  low-tlvm.i.  lo'v 
iiel  i  cojiters  . 

(C)  During  development  ot  ttie  imi'ioved  cartridge,  sluvUi'.  m' I' rated 
that  a  newly  designed  13-grain  l  lecl'ette  was  optii''u"'  im  I'otn  m,.  riq  r. 
and  anti -ai  rcraft  ciiaractei  i  sti  cs  desired  I'v  tiie  sldt.  it  wa--  aiMi  detio  ■  mu-, 
tliat  an  increase  in  velocity  would  add  to  th('  in  njet,  1 1 1  r '  s  terinal 
effectiveness.  The  XM494[.2  Cartridge  wa'-  autiion.'od  Un-  Ocmelonment  m 
July  1965  to  incoigiorate  tiiesc  new  cliarac  tei  i  s  1 1 1,-. .  Ms-  round  would 
contain  4,500  1  3-grain  fleciiettes  and  'iav('  a  :-''u.'.'''e  vo'O^it.  o-i  'i".. 
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(C)  TABLt  T 

105MM  XM494E3  APERS  CARTRIDGE  TOR  TTIE  M68  TANK  GUN 
(PRODUCTION  ENGINEERED  VERSION  )  (U) 


COMPO/lf£A/rS 

PROJECTILE 

FUZE.MT 

CARTRIDGE  CASE 
PRIMER.  ELECTRIC 

BASE  PROPELLANT  CHG. 
PROPELLING  CHARGE 
PACKING 

XM603EI 

XM57IE3 

MI50  OR  MI50BI 

M86 

M9 

M6  PROPELLANT 

2  ROUNDS  PER  BOX 

8PU/Sr/fi  ffATA 

PAYLOAD 

5000  FLECHETTES(I3GRAIN) 

MUZZLE  VELOCITY 

2700  FPS 

PROJECTILE  WEIGHT 

31.0  LBS. 

RANGE 

MUZZLE  ACTION  TO  4400 
METERS  LIMIT  IMPOSED  BY 
MAXIMUM  FUZE  TIME  MARKING 

CARTRIDGE  LENGTH 

39.3  INCHES 

FUZE 

HAND  SETTABLE  MUZZLE 
ACTION  (OTO  lOSECONDS). 
CALIBRATED  IN  METERS. 
4400 MAXIMUM 

TRACER 

5  SECONDS  BURNING  TIME 

DISPERSION 

gO’CONE  OF  FIRE  FROM 

POINT  OF  INITIATION 

8 


CONFIDENTIAL 


CONFIDENTIAL 


(U)  In  February  1960,  the  Department  of  the  Army  hoo  n\, 
requi rei'.ent  for  a  limited  quantity  of  Beeiiive  round';  frir’  toi.-  l.-i.  k 
Gun  Fortunately,  tfiis  project  prcyr-cssed  buf  fi ci cid.l  ,■  ' a 
quick  response  to  this  requirement  with  an  early  deli  e;  v  ij  l  1 1  ;  z  i  ir  j 
the  pilot  lot  tooling  developed  for  the  projectile  As  n  iu'.ult,  inu 
105mm  XM494E3  Cartridge,  which  resulted  from  this  pr-ogram,  ane  ulilikcd 
the  105nim  XM603E1  Projectile  containing  an  additional  500  lle.'O-.acs 
(5,000  total)  was  type  classified  for  limited  productioii  (li  M')-  Ihis 
cartridge  is  scheduled  for  TC  Standard  A  in  the  Third  (Juarlei  ,  ir/3. 

Cartridge  Description 

(C)  The  105mm  XM494  APERS-T  Cartridge  was  develo|>ed  tor  the  l‘1n« 

Tank  Gun  used  in  the  M60  Tank  series  to  provide  a  close-in  (zerr.'  I'ange) 
defense  against  massed  infantry  assaults.  Additional  APERS  firei'Ower 
capabilities  are  gained  using  the  cartridge  against  exposed  enei'iv 
personnel  during  tank/infantry  offensive  operations.  A  secondary  fire¬ 
power  capability  is  provided  against  lightly  armored  vehicles  and  low- 
flying  aircraft. 

(C)  The  XM494E3  Cartridge  weighs  55  lbs.  with  the  overall  lerujth 
of  39.3  inches;  its  components  include  the  M150  Cartridge  Case,  thie 
M86  Electric  Primer,  the  M6  Propelling  Charge,  the  M13  Tracer  (five- 
second  burning  time)  and  the  XM571E3  MT  Fuze.  The  5,000  (1  3-gr'ain) 
flechettes  in  the  projectile  are  arranged  in  seven  tiers.  The  forward 
four  tiers  are  ejected  as  a  result  of  fuze  initiation  followed  by 
functioning  of  four  radially  positioned  detonators  which  tear  away  and 
remove  the  forward  portion  of  the  ogive  skin.  Centrifugal  force  then 
adds  to  the  flechette  velocity,  resulting  in  a  20°  cone-shaped  dispersion 
geometry.  The  rear  three  tiers  of  the  payload  are  ejected  by  a  piston 
plate  which  is  propelled  by  a  base  charge.  Additional  velocity  is 
imparted  to  the  flechettes  by  the  action  and  centrifugal  force  disperses 
the  flechettes  similar  to  the  first  four  tiers. 

(C)  The  flectiette  payload  can  be  released  at  either  muzzle  action 
or  anywhere  along  the  direct  fire  trajectory  to  4,400  meters.  1he 
hand-settable  fuze  is  shipped  set  at  muzzle  action;  this  allows  the 
gunner  to  quickly  set  the  fuze  at  100-meter  increments  starting  at  Tf'O 
meters.  The  gunner  can  adjust  fire  by  observing  the  tracer  on  the  aft 
end  of  the  projectile  and  the  yellow  dye  which  bursts  into  a  yellow 
ball  when  the  projectile  opens.  The  muzzle  velocity  of  the  (.artridn.? 
is  2,700  fps.  The  military  characteristics  o"  the  cartridge  are  detailed 
in  Table  1 . 
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(U)  ADVANCE  PRODUCTION  LNGINEERING  PROGRAM 


Introduction 


An  APE  study  was  authorized  to  extensively  examine  the  XMG03  Projectile 
(R&D  design)  and  provide  an  evaluation  for  manufacturing  methods  and 
processes 

In  February  1966,  Picatinny  Arsenal  awarded  VJhirliiool  Corporation 
of  Evansville,  Indiana  an  APE  contract  to  make  a  critical  analysis  of  the 
XM603  Projectile  for  the  XM494E2  Cartridge,  which  was  ultimately  redesignated 
the  XM494E3  Cartridge.  This  study  was  to  encompass  a  production 
evaluation  of  the  complete  round  which  would  result  in  redesign  and  chance 
in  production  methods  and  processes  as  necessary.  Results  of  this 
undertaking  was  to  incorporate  various  design  changes  into  a  Technical 
Data  Package  (TDP)  suitable  for  competitive  procurement  To  support 
this  study,  the  contractor  was  to  fabricate  bench  type  equipment  showino 
the  feasibility  of  manufacturing  and  loading  flechettes  for  the  existing 
XM603  Projectile,  which  resulted  in  the  XM603E1  Projectile. 

The  contractor's  task  was  to  redesign,  fabricate  and  test  hardware 
to  provide  an  economically  producible  round.  The  results  of  the  study 
were  significant.  The  following  paragraphs  will  discuss  some  of  the 
noteworthy  accomplishments.  Projectile  redesign  under  this  contract  will 
be  discussed  first,  then  special  process  equipment  and  finally  a  summary 
of  all  tasks.  A  summary  of  the  test  data  which  resulted  in  the  adoption 
of  the  design  changes  is  in  Appendix  B 
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(U)  IMPROVED  KEYING  SYSTEM  FOR  PAYLOAD  DRIVE 


Under  this  APE  measure,  a  concept  utilizing  an  improved  and  less  costly 
method  of  keying  the  outer  spacers  to  the  support  plates  was  conceived  and 
implemented.  This  keying  system  consists  of  knurled  serrations  near  the 
edge  of  both  sides  of  the  support  plates  in  lieu  of  the  bent  tab  design. 
Figure  2  shows  the  basic  concept  in  schematic  form  and  illustrates  how  the 
aluminum  outer  spacers  are  coined  by  the  serrated  support  plates.  The 
resultant  embedment  serves  to  drive  the  payload.  This  test-proven  concept 
has  not  only  been  applied  to  the  105mm  XM494E3  Cartridge,  but  also  the  lOSmm 
XM546E2  Cartridge;  106mm  M581  Cartridge  and  the  90mm  XM580E1  Cartridge. 

The  estimated  savings  of  $9.96  per  round,  as  noted  in  Figure  2  and 
which  applies  to  an  FY68-approved  LP  procurement  of  20,000  rounds  for  the 
105mm  XM494E3  APERS-T  Cartridge,  represents  a  cost  reauction  of  $199,200 
in  material  and  direct  labor  for  the  concept. 


SETBACK  FORCE 


COST  M  26 


COST  SAVINGS  $2.92-$1.26  $1.66  r  iu  R  ft 't 

SAVINGS  PER  ROUND  BASED  ON  AVERAGE  OF  6  BAYS  SI. 66  X  6  S9.V6 


(U)  FIGURE 
I05MM  XM60^EI  APERS 
BENT  TAB  VS.  SERRATED 


? 

I’ROJLCl  I  LI 
KEYING  SYSTLM 
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(U)  SIMPLIFIED  DETONATOR  HOUSING  ASSEMBLY 


The  detonator  housing  assembly  was  redesigned  to  reduce  the  loading  cost 
and  the  number  of  component  parts.  The  redesigned  assembly  consists  of  only 
two  metal  parts  components:  a  detonator  housing  and  a  spacer.  This  simplified 
detonator  housing  resulted  in  the  elimination  of  the  retainer  plug,  two 
cushions  and  an  0  ring.  A  comparison  of  the  costs  and  the  resultant  unit 
savings  is  shown  in  Figure  3.  This  redesigned  detonator  housing  assembly  is 
applicable  to  all  other  fuzed  Beehive  Projectiles.  Application  of  this 
product  improvement  resulted  in  a  validated  savings  of  $87,909  for  the  FY68 
and  FY69  buys  of  the  105mm  XM546  Cartridge  in  addition  to  an  estimated  savings 
of  $7,800  projected  for  the  LP  production  of  20,000  rounds  of  the  XM494E3 
Cartridge. 


CLOSING  PLUG 


I 


PACKING 


XM87  DETONATOR 


PREVIOUS  DESIGN 
SIX  6  INERT  COMPONENTS 

COST  S0.48 


XM87  DETONATOR-^ 

^SPACER 


-M7  RELAY 

VALUE  ENGINEERED  DESIGN 
TWO  3  INERT  COMPONENTS 

COST  S0.09 


COST  SAVINGS  $0.48-$0.09  «  $0.39 


(U)  FIGURE 
I05MM  XM603E1  APERS 
RELAY  AND  DETONATOR  HOUSING 


3 

PROJ  ECT I LL 
LOADING  ASSLMDLILS 
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(U)  FQRGLD  REAR  BODf 


The  R&D  version  of  the  rear  body  of  tlie  XM603  Projectile  specified  AISI 
4140  alloy  steel  bar  stock  which  required  excessive  amount  of  inachininq  to 
meet  the  dimensional  requirements.  Under  the  APE  program,  it  was  determined 
that  the  rear  body  could  be  made  economically  from  an  4140  alloy  steel 
forging. 

The  4140  alloy  steel  forging  design  proved  to  be  reliable  in  ballistic 
tests  under  all  extreme  conditions  and  under  excess  pressire.  As  a  result, 
the  forged  rear  body  was  incorporated  into  the  TOP  for  the  lObmm  XM603E1 
APERS  Projectile.  Metal  parts  suppliers  for  the  FY68  procurement  utilized 
forged  rear  bodies  for  the  LP  of  the  projectile  metal  parts.  Figure  4  is 
a  sketch  of  a  blank  forging  showing  minimal  metal  removal. 


I05MM  XMOOSt  I  APl  Rb  I'kO.1 1  Cl  1 1  1 
(I’RODUCTiON  1  Nl'.INI  (  Kt.O  VI  KMON^ 


I  7 
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(U)  FQRGLD  (IMPACT  LXTRUULU)  FRONT  BOUY 

The  use  of  a  forged  (impact  extrusion)  aluminum  front  body  as  an 
alternate  to  bar  stock  or  heavy  wall  tubing  was  investigated.  Both 
static  and  dynamic  testing  proved  that  the  forged  aluminum  front  body 
would  fracture  and  open  up  as  intended  on  futictioning  of  the  XM86 
Detonators.  As  a  result  of  the  successful  testing  program,  the  use  of 
an  aluminum  forging  was  specified  in  the  TDP. 

The  two  firms  which  fabricated  the  metal  parts  for  the  FY68  buy 
availed  themselves  of  the  reduced  cost  resulting  from  the  use  of  forgings. 

A  drawing  of  the  rough  forging  blank  (Figure  5)  shows  the  minimal 
amount  of  metal  removal  required  by  a  properly  designed  impact  extrusion. 


(u)  ri'.  iMxi  '> 

roi'ir.iNi'.  nt  ANK  lou:  MxONT  ^ 
lObMM  XMhO^I  I  At'!  US  tgA\ll  Cl  I  '  i 
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(U)  FLECHETTb-WEAVING  MACHINt: 


The  key  to  mass  production  of  the  XM494L3  Cartridge  as  well  as  all 
other  Beehive  rounds  is  the  ability  to  process  flecfiettes  ra[)idly  into 
loaded  bay  assemblies.  To  meet  this  capability,  a  flechette-weavi  nci 
machine  was  conceived  b^  l  icatinny  Arsenal  engineers.  This  maciiine 
(Figure  6)  exceeded  all  production  expectations  and  is  recognized  as  a 
major  technological  breakthrough. 


(U)  I  U’UKI  (' 

f  IJ.CHI  1T(  LOAPINo  MACilINi 
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With  minor  variations,  tttis  macliine  was  ado()ted  l.)y  every  Beeiiive  metal 
parts  f)roducers  as  the  standard  |iroduction  metiiod  lor  packaging  fleciiettes. 

The  high-speed  production  metliod  developed  under  tiiis  program  had  a 
significant  impact  on  tfie  r’apid  pn  duct  ion  and  deployment  oi  Beehive  munitions 
for  howitzers,  recoil  less  rifles  and  guns.  Otlier  services  wliich  utilized 
the  concept  of  weaving  tlechettes  to  expedite  loading  were  tiie  Aii  I  orce  (for 
the  2,7B-incti  rocket)  and  tiie  Navy  (Bliiim  MK-120  Mortar  ).  liiis  single  break¬ 
through  resulted  in  cost  savings  of  $d.8  million  validated  in  1  Y60  and  $14 
million  follow-on  savings  in  TYG?  --  wtiicti  is  in  excess  of  18  times  the 
$990,000  exfiended  for  the  Al’L  program. 

Four-Wheel  Flechette  Korming  Mach i ne 

A  study  was  performed  to  determine  tfie  feasibility  for  mass  production 
of  a  four-wheel  rotary  f lechette-f ormi n<)  macfnne  fabricated  under  a  imevious 
contract  (Figure  8).  This  nrachine,  with  a  capacity  of  4,000  flechettes  per 
minute,  will  replace  approximately  10  modified  nail  lieaders  presently  used. 


Uie  development  continued  uttdet  tins  contract  Al-.o,  tfie  indchine 
WQb  further  improved  by  addition  of  a  coolimj  and  lubncatinn  sycteiii  to 
lubricate  and  ma’ntain  ttie  dies  at  a  constant  temperatute  The  lesulting 
smail  pilot  lot  01  lleLhettes  proved  't^  feasibility  An  aaoitioridl 
contract  provided  tor  investigation  of  various  materials,  tool  steel 
liardness  ,  and  furtfier  i  mfir  ovement  oi  design  A  final  production  i  un 
was  conducted  using  punches  of  design  and  matenal  developed  under  the 
[I'ovious  contract  and  1 1  was  determined  tliai  additional  minor  re1 1 neinenls 
to  the  puncii  design  would  be  re(|ui  red  before  the  four-wheel  machine 
could  1  ul  ly  quality  tor  continued  production  usaije 
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(^LlJ  AUUn  iUNAL  bLMJJl:)  j  KUM  Ai'i  ri'd^l.'AM 


Ai  a  tL’-.ult  Of  Itic  Lcc-tlfl^  i  O')  I i  l.'t  to),  Lfli  oL.  J'l  h  I'le  IliL'l'iOd  ot 

diSL'iiib  I  iiiy  r  1  L'cht,!  ILfb  ,  urtjeiit  t'L'i|u  i  >  ci'ict.ls  (lb  'jl’[,  MjulbLMM  Asm)  Uh 
I05niii'  aMj'R'  AI’LI\S-T  Cartndije;  lObiiiiii  Mb?',)  A'’l<l  .-1  C.i'LruAic;  90i:r' 

XMLi90Ll  Ccmibttjt  dtiil  90iiim  XMbyOi  1  AI'LI-'A-I  Cdilridm.-  i.i-ie  l ed  >  1 1  Obs  1  y 
ful 1 i 1  led 

As  indicaled,  tins  method  ul  assembling  ili-ehettes  was  d'SO  osed 
to  meet  I'l'oduetion  I'Cijui  r  ements  tor  munitions  outside  tbe  I.ienoitment  id 
tlie  Army  --  spec  i  f  t  ca  1 1  y  ,  the  2  7i.-liRh  rieobette  h.Mhtad  lur 

tlie  Air  Force  and  the  8lmm  MK  IFO  AFLI-IS  I  leciiette  Mui  td'  rot  t'.e  Nov, 

In  addition,  tins  piintiiile  not  oiily  inceased  the  liruauct'on 
[lotential  ot  these  munitions,  but  also  n  uited  in  cost  saMnus  10'  tue 
required  machinery. 

Ihe  cost  o1  ttie  f  iechette-loadiiiq  'iiachme  devLlupeO  dui  inc  this  Al  l 
prosjr'ain  is  less  than  $10,000  and  it  inoduces  llechettes  at  j  i  ote 
2,000  [larts  tier  minute.  Compared  to  an  eariiei  model  to  ineet  InV.: 
requirements  costiiu)  $20,000  winch  operated  at  a  rate  (d  100  pasts  I'cr 
minute,  the  [iroduction  catuibility  tor  an  e>.pendituie  'or  earn  to  1 
equipment  has  been  increased  by  40  times 

It  IS  noteworthy  that  the  basic  concept  tor  new  kciino  svste’'  and 
the  flecfiette  manufactun riq  and  loadiiw)  devices  previou'^lv  iiiustioteo 
were  conceived  by  Picatinny  Arsona^  cnqineers  (tor  winen  patent 
applications  and  patent  allowances  liave  been  assiqned). 

As  a  result  ot  the  Af’F  I’roijram's  cominetioii  ptic  tu  the  [noineciinc 
Test/Servico  Test  i,LT/Sl )  phase,  the  desiqn  will  be  used  di.nno  n  S'" 

This  has  the  advantage  ot  TC  o1  the  desinn  I'lanned  ioi  pioduction  It 
should  be  noted  that  [iroduction  ot  this  oesiqn  has  qone  thrcuoh  tne 
shake-down  [leriod  due  to  an  lP  rcqui  rement ,  and  projectiles  fur  PI  .d- 
were  manufactured  by  the  LP  producer  In  addition,  the  PI  aMuOTPI 
Projectile  contains  aiiproAimately  500  mo'e  llechettes  tnan  mu:  X'-h  03 
round  -  ■  resuitiruj  m  imiirovcd  et  tort  i  veness 

Furtlieniioi  e ,  many  ot  the  dosiqn  concei'tN  pi  oven  du'.no  this  proC'Ca' 
are  a[)[ili cable  and  are  sclieduled  to  lie  phased  into  othei  [icc‘ii\c  munition 
items,  as  they  are  tested  and  iiiUMcmen'ed  since  evei  v  'tem  CApoiicnLC'i 
dilterent  setback  and  si'in  to'ces  mncreiit  -n  the  poiticular  ivOupon 
system,  ba  mstic  tcstinq  and  modi  1 1 cat '  on  oi  these  chanoos  a' c  iC'iuii  cd 
on  an  end -item  basis 


Additional  production  Improvement  proqraiiis  are  planned  tor  other 
Beehive  rounds  Fur  a  long  time.  Beehive  ammunition  had  tii'-  renutation 
of  being  costly  However,  PE  measures  of  this  type  have  si  lificantly 
reduced  the  cost  of  these  cornple/,  items  to  a  point  where  it  lio  lorcjer 
represents  a  logistic  block.  Production  of  this  ammunition  cari  now 
be  based  solely  on  User  requirements 
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(U)  APPENDIX  A 
Cost  Data 


"PRECeDINS  P/'.i:  BLAJMK-NOT  FIIWED* 


(Uj  SUMMARY  or  1  m  CO_>T_ 
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TOTALS 


3  265 


GOST  CCWPARISON 


RM)  XM603 
Pro jectile 

PE  XM603E1 
Projectile 

Net 
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Material  Cost 

$32. U6 

$20.37 

$12.09 

Direct  Labor  @$3.50Au’ 

11.1:3 

(3.26/hr) 

8.99 

(2.5U/hr) 

2.5I4 

(.72  Air) 

Burden  @235^ 

26.86 

20.86 

6.00 

G&A  @  10% 

7.08 

5.02 
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Profit  @  10^ 

7.78 

5.52 

2.26 

Unit  Cost 

$85.61-;;- 

$60.69-;; 

$214.95 

■«-Cost  comparison  of  the  two  projectile  versions  wa3  made  as  a  part 
of  the  APE  study  and  was  based  on  an  annual  production  quantity 
of  8U,000  roionds  (7,000  rounds  per  month). 


Reduction  In  Labor  Manhoui's : 

$3,265  -  2.5UO  =  0.725  X  100  =  22.2^ 


Reduction  In  Raw  Material  Cost: 
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